BACKGROUND: Few data have evaluated the relationship between caregiving and cardiovascular disease (CVD) risk.
and emotional difficulties in affected individuals, resulting in reduced quality of life. Most CVD deaths are preventable with lifestyle behaviors, such as physical activity, diet, and weight management. Finding ways to increase adherence to CVD prevention goals is a critical research area.
Caregivers who are primarily responsible for the welfare of a loved one with CVD may be at increased risk for heart disease themselves. The act of caregiving has recently been identified as an independent risk factor for CVD morbidity and mortality 2 .
Caregivers often exhibit depressive symptoms and obesity; they also may have little time to partake in preventive health measures for themselves 3 . Emotional distress has been shown to increase as caregiver burden increases in individuals caring for stroke patients 4 . Some research shows that caregiving is associated with poorer social support and can be a major barrier to exercise 5 . Poor family support is an indicator of adverse health outcomes for caregivers 6 .
Previous research has shown that gender differences may exist in the amount of distress that caregivers feel, with women reporting more distress 7 . Luttik et al. found that women also reported feeling a lack of family support as part of caregiver burden more times than men 8 . It is also important to determine the underlying mechanisms that may cause caregivers to be at increased risk for CVD, such as lifestyle or psychosocial factors, so that appropriate interventions can be developed and tested. The purpose of this study was to determine the prevalence and predictors of caregiving and caregiver strain, and to evaluate the associations between caregiving and CVD lifestyle and psychosocial risk factors in a diverse population of family members and/or spouses of patients hospitalized with CVD. We tested the hypothesis that primary caregivers of patients with CVD would have greater psychosocial and lifestyle risk factors than non-caregivers.
METHODS

Design and Subjects
Participants in the Family Intervention Trial for Heart Health (FIT Heart) who completed a baseline and 6-month follow-up visit were included in this analysis (n=263; mean age 50± 14 years, 67% female, 29% non-white). Briefly, FIT Heart is a 1-year randomized controlled clinical trial among family members of patients hospitalized with CVD at New YorkPresbyterian Hospital/Columbia University Medical Center campus between 2005 and 2007. The purpose of FIT Heart was to test the effectiveness of a hospital-based standardized screening and educational intervention to increase adherence to national CVD prevention goals.
The study population consisted of adult family members and spouses of diagnosed cardiac patients who were recruited at the time of hospitalization of the family member for coronary heart disease (Fig. 1) . The cardiac patients themselves were not involved in the study. English and Spanish-speaking men and women between the ages of 20-79 were eligible. Participants must not have had any established CVD, diabetes, active liver disease, or chronic kidney disease. All participants were required to give informed consent, and the study was approved by the Institutional Review Board of Columbia University Medical Center. Bilingual staff members were available to assist participants, and all forms were available in English and Spanish. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Caregiving and Caregiver Strain
Caregivers were defined in this study as family members providing assistance and care for loved ones who have been hospitalized for CVD. Caregiving was assessed by self-reported answer to the question, "To what extent were you involved in the post-hopitalization care (such as assistance with daily activities, doctor visits, and/or medication) for the family member who was hospitalized at New York-Presbyterian Hospital when you enrolled in the FIT Heart study?" Answer choices were: primary caregiver, cared for the patient most of the time, cared for the patient some of the time, cared for the patient occasionally, and not involved in post-hospitalization care for the patient. Caregivers were grouped as primary/most vs. some/occasionally/none.
The Caregiver Strain Index 9 , a brief, easily administered instrument used to identify strain among spouses and family who provide varying degrees of care to recently hospitalized cardiac patients, was administered to all subjects at 6 months. Internal consistency for this instrument is acceptable (Chronbach's alpha = 0.86). Construct validity is supported by correlations with the physical and emotional health of the caregiver and with subjective views of the caregiving situation. The range for scoring on this index is 0-13, and a score of 7 or higher indicates a high level of caregiver strain. The Caregiver Strain Index consists of a list of items that people providing care to adults have found to be difficult, such as disturbed sleep, physical strain, family adjustments, changes in personal plans, emotional adjustments, time demands, upsetting behavior, and financial strain. The Caregiver Strain Index was developed with a sample of 132 caregivers providing assistance to recently hospitalized older adults with a variety of conditions and is appropriate for caregivers of any age 10 .
Depressive Symptoms
Level of depressive symptoms was assessed by the Beck Depression Inventory, second edition (BDI-II) 11 . This 21-item self report instrument for measuring the severity of depression in adults is the most widely used self-report measure of depression (over the past 2 weeks) for clinical and normal patients. Respondents are asked to endorse the most characteristic statements covering the time frame of the past 2 weeks, consistent with the DSM-IV criteria for major depression. The BDI-II is scored by summing the ratings for the 21 items. Each item is rated on a 4-point scale ranging from 0 to 3, and total scores range from 0 (no depression) to 63 (severe depression). Comprehensive reviews on the applications and psychometric properties on the BDI in both clinical and non-clinical populations have reported its high reliability, regardless of clinical population 12, 13 . This instrument has demonstrated adequate reliability both in terms of internal consistency and stability. Coefficient alphas ranging from .73-.92 have been reported for non-psychiatric populations 12 . This instrument has also demonstrated strong convergent and discriminant validity.
ENRICHD Social Support Inventory
Social support was measured using the ENRICHD Social Support Inventory (ESSI), a seven-item, self-report measure used in the Enhancing Recovery in Coronary Heart Disease Patients (ENRICHD) trial 14 . The ESSI was chosen for use in this study because of its high test-retest reliability, good convergence with standard emotional support measures, and its link to cardiac outcomes. The ESSI is derived of items from well-validated scales, such as the Perceived Social Support Scale 15 , that have been used in previous studies 14 . Internal consistency for the ESSI, using Cronbach's α, is 0.88. The intra-class correlation coefficient is 0.94, reflecting excellent reproducibility 16 . The ESSI is also recommended for use when a short screening instrument is desired, as in the case of this study. To qualify as having low social support, patients must have had a score of ≤2 on at least two of five (items 1, 2, 3, 5, and 6) items, and a total score of ≤18. 
Lifestyle Measures
Each participant completed a standardized questionnaire including demographic data (i.e., age, gender, race/ethnicity, household income, education) and lifestyle habits such as smoking status.
Physical Activity
Physical activity information was assessed at baseline using standardized questions that have been adapted from the Behavioral Risk Factor Survey and validated. The questions elicited information about the frequency (number of days per week) and duration (number of minutes per day) that participants engaged in physical activity.
Dietary Assessment
Adherence to the Adult Treatment Panel (ATP) III Therapeutic Lifestyle Change (TLC) diet (<7% of calories from saturated fat, <30% of calories from total fat, and <200 mg dietary cholesterol/day) was assessed using the MEDFICTS dietary assessment tool previously validated in this population of family members of cardiac patients 17 . 
Risk Factor Guideline Adherence
Trained health-care professionals performed standardized cardiometabolic risk factor screenings including height, weight, BMI, waist circumference, and saturated fat intake. Following the screening, participants were randomized to a stage of change-matched special intervention (SI), including individualized counseling and education from a prevention counselor or a control group. SI subjects were taught lifestyle approaches to risk reduction based upon national CVD prevention guidelines 19 .
Body Composition
Height and weight were measured by standard protocol, and BMI was calculated directly by the formula: weight (kg)/height (m) 2 . Overweight was defined as BMI 25.0-29.9 kg/m 2 , and obesity was defined as BMI≥30 kg/m 2 in accordance with national guidelines 20, 21 . Increased waist circumference was defined as >35 inches in women and >40 inches in men 20, 21 .
Lipids, Glucose, and High Sensitivity C-Reactive Protein
Lipids (total cholesterol, HDL-cholesterol, triglycerides, LDLcholesterol), glucose, high sensitivity C-reactive protein (hsCRP), and lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) were evaluated from venous blood drawn from all participants at baseline and after a 6-12 h fast. Determination of lipids, glucose, and hsCRP was performed on blood collected and stored at −70°up to 2 weeks and analyzed in the Columbia University CTSA Biomarker Laboratory. The Centers for Disease Control lipid quality control program certifies the Columbia University CTSA Biomarker Laboratory. Plasma total cholesterol, HDL cholesterol, triglycerides, and glucose were determined spectrophotometrically on a Hitachi 912 chemical analyzer, and plasma LDL-cholesterol was assessed using a direct measurement assay. Serum hsCRP was assessed in the CTSA Biomarker Laboratory using the Diagnostic Systems Laboratories, Inc., ultra-sensitive CRP enzymelinked immunoabsorbent assay (ELISA).
Data Management and Statistics
All data were collected on standardized forms at baseline and 6 months later and double entered into a Microsoft Access database, then exported to SAS software (version 9.1, SAS Institute, Cary, NC) for purposes of statistical analysis. Categorical data were presented as frequencies and percentages. Continuous data were presented as means and standard deviations. Comparisons across groups were made using the chi-square test for categorical data and t-tests and linear regression for continuous data. The bivariate analysis for comparing caregivers to non-caregivers was conducted using simple chi-square analysis. Regression equations were calculated with each of the risk factors (i.e., waist circumference, saturated fat intake) as dependent variables and caregiving as a potential predictor variable. Models were adjusted for potential confounders including age, gender, marital status, and baseline levels of depression and social support. Variables with significant contributions to the model were retained in the regression equation. Statistical significance was set at p<.05.
RESULTS
The characteristics of the 263 subjects included in the analysis are listed in Table 1 . The mean age was 50±14 years and ranged from 20 to 78 years, with 29% being non-white and two-thirds (67%) being female. Waist circumference, BMI, physical activity level, smoking status, and saturated fat intake data were available on 263 participants with mean levels presented in Table 1 . Mean values for CVD risk factors assessed exceeded optimal levels for BMI, waist circumference, and saturated fat intake as a percentage of calories per day. Mean physical activity levels were not at goal for most participants (at least 3 days per week, 30 min per session). The prevalence of caregiving and caregiver burden is shown in Table 2 . As demonstrated, the prevalence of serving as a CVD patient's primary caregiver was 39% at 6 months; 11% of participants reported caring for the patient most of the time, 32% some of the time or occasionally, and 18% none of the time. Additional psychosocial information was obtained at 6 months on 101 participants and is also presented in Table 2 .
The caregiver profile is shown in Table 3 . Caregivers (primary/most) were more likely to be women (81% vs 19%, p<.01), married/living with someone (p<.01), >50 years old (p< .01), have ≤ high school education (p<.01), be unemployed (p<.01), and have a higher waist circumference (p<.01) than noncaregivers (some/occasional/none). High-sensitivity C-reactive protein (hsCRP) was not significantly different in the two groups.
Univariate associations between caregiver strain and risk factors for CVD are shown in Table 3 , and they included physical activity (p=.019), BMI (p=.02), waist circumference (p <.01), LDL-cholesterol (p=.01), depression both at baseline and 6 months (p<.01), and social support at baseline (p<.01). Table 4 shows that significant mean differences between those experiencing high levels of caregiver strain compared to those experiencing low levels of strain were found for saturated fat percentage (p=.04), MEDFICTS score (p=.001), glucose (p =.005), and LDL particle number (p=.02). Table 5 shows that those experiencing high caregiver strain also had a higher BMI (p=.01) and a higher percentage of saturated fat intake (p=.05) in a multivariable model adjusted for confounders at baseline.
A mediational analysis between increased caregiver strain and elevated BMI revealed that the relationship between the two was significantly attenuated by depression level (Table 6) . Depression is significantly related to both BMI and caregiver strain. BMI and caregiver strain are also significantly associated. With the addition of depression to the model between caregiver strain and BMI, the beta coefficient changed from .355 to .237. This change represents a greater than 15% change, suggesting that depression mediates the relationship between overweight/obesity and caregiver strain. No significant associations were found for other potential mediators tested, including social support and physical activity.
DISCUSSION
The main findings of this study are that cardiac caregivers may be at increased risk for CVD morbidity and mortality due to lifestyle and psychosocial risk factors. Caregiving is frequent among family members of patients recently hospitalized with CVD and is associated with several common CVD risk factors, including age, lower education, unemployment, less physical activity, and increased waist circumference. Those with increased caregiver strain also had significantly higher levels of saturated fat intake, depression, BMI, and lower levels of social support, which may further increase CVD risk. Our analysis also suggests that the relation between caregiver strain and obesity is mediated through depression. These findings are potentially important as efforts to reduce CVD risk among caregivers may be enhanced if they include dimensions of psychosocial health, such as depression, stress, and social for caregivers. Our data do not suggest a primary role of inflammation as a mechanism through which caregiving increases CVD risk. In this study, among those who provided primary caregiving, the overwhelming majority were women. This is consistent with previous research documenting that over half the women in the US will care for an ill family member at some point in their lives 20, 21 . We found that caregivers were three times as likely to be married and less than half as likely to have greater than high school education than non-caregivers. Similarly, other studies have observed caregivers to have low education levels and a high likelihood of being married 22 . Such data underscore the importance of having appropriate educational materials (e.g., below 7th grade reading level) for caregivers.
We found that caregivers and those with higher caregiver strain were more likely to follow lifestyle patterns not in agreement with CVD risk factor goals and more likely to have psychosocial risk factors assessed by standardized instruments. Similar to our results, caregiving has been linked to risk factors for CVD including elevated blood pressure 23 and depression 24 . In a prospective study of caregivers and risk of coronary heart disease from the Nurse's Health Study cohort, high levels of caregiving burden increased the risk for clinical CHD among women (RR, 1.82; 95% confidence interval, 1.08-3.05) 25 . Our data suggest that depression may be an important risk factor among female caregivers, which could explain an elevated risk of clinical CVD. Cardiac patients' adjustment to their illness is best when spouses or partners are less depressed or anxious than the patients, and worse when spouses or partners are more depressed or anxious than the patients, suggesting that interventions targeted toward positively affecting the psychosocial state of spouses or family members (who are often caregivers) may improve the health of the cardiac patient as well 26 . To our knowledge, this is the first study to evaluate the relation between cardiac caregivers and inflammatory risk factors for CVD. Vitaliano et al. conducted a study of spousal caregivers of patients with Alzheimer's disease and found no link between caregiving and C-reactive protein 27 . Similarly, we did not document an association between caregivers of cardiac patients and inflammatory risk factors for CVD, suggesting that more traditional risk factors such as obesity are likely in the causal pathway for caregiving and increased risk of CVD. We showed that obesity is likely a significant mediating factor and the root cause may be depression leading to overeating 28 .
Adding to the biological plausibility of this finding is that physical activity levels were reduced among those with care- giver strain, which could contribute to overweight and obesity. Decreased physical activity has been previously linked to increased body weight and depression 29 .
Strengths of this study are its ethnically diverse sample of randomized participants, its prospective nature, and systemic collection of traditional and novel risk factors for CVD. Our study also has important limitations in interpreting the findings. One limitation of the present study is that physical activity data were obtained by self-report, which may have led to skewing of physical activity levels. However, this is unlikely to be systemic and would likely bias our results to the null hypothesis. In addition, there may be gender bias in reporting caregiving responsibilities, which may overestimate prevalence rates in women and underestimate prevalence rates in men or vice versa. A third limitation is that the measurement of all risk factors in this study first occurs when a loved one is hospitalized for cardiac disease. It is not possible to ascertain if family members experienced depression and lack of social support prior to their family members' hospitalization. Also, since we evaluate caregiving and caregiver strain among individuals that had a family member or friend recently hospitalized with an acute CVD event or revascularization procedure, the results may not generalize to those providing long-term chronic caregiving.
In conclusion, we showed that caregiving and caregiver strain are associated with traditional and lifestyle risk factors for CVD, and that the relation between caregiving and CVD risk may be mediated through increased depression leading to obesity. Caregivers represent an important population to reach out to, and interventions designed to improve caregiver health should consider mental health and depression, in an effort to optimize the preventive care of the cardiac caregiver.
